annotations other than GO and KEGG are poorly supported. Moreover, an increasing concern upon the quality of gene annotation has raised an alarm in biomedical research. A previous study 3 reported that about 42% of the tools were outdated by more than five years and functional significance were severely underestimated with only 26% of biological processes or pathways were captured compare to using up-to-date annotation. Reanalysing GTEx dataset 4 published by ENCODE consortium using clusterProfiler uncovered a lot of new pathways that leads to generate new hypotheses (https://github.com/GuangchuangYu/enrichment4GTEx_clusterProfiler). Such negative impacts of outdated annotation can be propagated for years and hinder follow-up studies.
Functional enrichment analysis is one of the most widely used technique for interpreting gene lists or genome-wide regions of interest (ROIs) derived from high-throughput sequencing (HTS). Although tools are proliferating to perform gene-centric or epigenomic enrichment analysis, most of them are designed for model organisms or specific domains (e.g. fungi 1 or plant 2 etc.) embedded with particular annotations (e.g. Gene Ontology (GO) or Kyoto
Encyclopaedia of Genes and Genomes (KEGG)). Non-model organisms and functional
annotations other than GO and KEGG are poorly supported. Moreover, an increasing concern upon the quality of gene annotation has raised an alarm in biomedical research. A previous study 3 reported that about 42% of the tools were outdated by more than five years and functional significance were severely underestimated with only 26% of biological processes or pathways were captured compare to using up-to-date annotation. Albeit functional enrichment analysis is commonly used in downstream analysis to decipher key biological processes, visualization of enriched result is mainly depicted by bar chart of most significant terms, which maybe dominated by redundant terms and cannot reveal the complex of gene-pathway associations. The clusterProfiler sub-package, enrichplot (https://github.com/GuangchuangYu/enrichplot), is designed to visualize enrichment result by integrating expression data ( Fig. 1 ). These methods allow users without programming skills to generate effective visualization to explore and interpret results as well as to find patterns within the data. In addition, all these visualization methods were implemented based on ggplot2, which allows customization using grammar of graphics.
Comparing functional profiles reflects functional consensus and difference among different experiments and helps identifying differential functional modules in omic datasets. With the infrastructure of clusterProfiler to support a wide range of ontology/pathway annotations and plenty of organisms, the comparison can be applied to many circumstances based on gene or ROI levels. Furthermore, the compareCluster function supports using formula, which is widely used in R language to express statistical model, making it easy to compare functional profiles for different conditions and at different time points.
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